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1. Introduction

It is a well known fact, that the Polyakov loop correla(@r(x)PT(y)> can be used to measure
the static quark-antiquark potential and the correlatothode Polyakov loops tells us about the
baryon potential.

As McLerran and Svetitsky showed in [1], the expectatiorugabf every combination of
Polyakov loops is related to the free energy of the apprcanfiguration of quarks and anti-
quarks. Thus, it would be interesting to study the correfatf two Polyakov loops in order to
determine the diquark potential.

It has been conjectured that diquarks play an importantirofghenomenology, e.g. colour
superconductivity is motivated by digquark condensates martaquarks could be described by
using diquarks.

2. Thediquark model

A single quark transforms as a triplet under SU(3) gaugestommations. Two quarks trans-
form as the tensor product of two triplet states, which cadémmposed ag] © [3] = [3] @ [6].
The antisymmetri¢§]—representation transforms in the same way as a singleuankiqThis reduc-
tion of the effective color charge of the two quarks rendkeestiound state energetically preferable
and leads to an attractive force.

There has been a suggestion of how to measure the quark-cpraekation by Jaffe in [2] that
has been followed up by other groups [3] [4]. In case of oudtwe built up our operators out
of Polyakov loops only, namly we measured the correlatiomveen two Polyakov loops. This
method has the advantage that it is not necessary to fix thgega&turthermore we do not need a
third quark line like in Jaffe’s suggestion. For alternatapproaches to measure the free energy
see also [5], [6] and [7].

3. Diquark free energy

On the lattice, the Polyakov loop expresses the propagafiensingle heavy quark along a
N R
closed loop in periodic imaginary tim@(x) = Tr { [ Ui(x+kt) |.
k=1

McLerran and Svetitsky showed [1] that the free energy ofrdigaration ofn quarks and
antiquarks at positions, ..., x, andys, ..., yn respectively is related to the expectation value of the
appropriate combination of Polyakov loops as

(P(xa) -+ P(x)PT(y2) - P(yn)) = exp[—aN (Fnqg— Foo)] - (3.1)

Here,a is the lattice spacing); is the lattice extension in the time direction aRg is the free
energy of the vacuum without any quarks. Especially for arkyaatiquark pair, this equation
leads to the static quark-antiquark potential which is tike £nergy at zero temperature

(P(x)P"(y)) = exp[—aN (Fgq([x—y|) — Foo)] -
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From equation (3.1), one can construct the normalized ineegg of a specific configuration,
i.e. the gain in the free energy of a finite configuration ofrggaelative to a configuration where
all the quarks are infinitely separated.

———

Fngag = (Fngag— Foo) — (N+1) - (Fg — Foo)
1 n+n
= —ang 109 (P0x) - PO)PT(y2) -+ PT(yn)) + = log (P())
_ L g PO PO )PT(y1)--P"(yn))
aN (P(x)™"

Especially for two quarks, this relation leads to the digueee energy

1 {POOPW)
AN e

The single quark free energy of the vacubig- Foo is included into the operator in order to remove
the self energy of the two quarks.

4. The Polyakov loop in pure gauge theory

dense

It is well known, that a pure SU(3) gauge theory ex- ’
hibits an additional Z(3) center symmetry. The action is
not changed if all the time links connecting two neighbor-
ing timeslices are multiplied by the same element of Z(3}§<_: oL
The Polyakov loop however does change under suchga

transformation 1

P(x) - €5™.P(x) (n=0,1,2).

1 +

sparse

-2
This makes the Polyakov loop sensitive to the cen- . | | |

ter symmetry. Thus, in the quenched theory, it serves -1 0 1 2 3

as an order parameter for the spontaneous breakdown Re P(x)

of this symmetry, which is associated with the confin@igure1: quenched Polyakov loop density
ment/deconfinement phase transition. distribution from a 8 lattice in the confine-

Since the update algorithm will generate configur&ent region
tions from all three Z(3) sectors with equal probability,
the values are distributed symmetrically in all of the thseetors as can be seen in figure 1. Thus
the loops of the different Z(3) sectors will cancel out eattiteq which results in an exactly van-
ishing expectation value for the Polyakov loop. Therefanegrder to measure a non-vanishing
Polyakov loop, one has to break the center symmetry.

There have been some propositions how to break this symmiebryexample, one can take
IP(X)|, </Re[P(x)3], rotate all values around zero so that the phase of each ie®jnlthe range
from —Z to T like in [7] or just ignore all loops which do not lie in the sectround the positive
real axis as has been done in [8]. But all these methods semehswv arbitrary. This differs from
the case when dynamical fermions are included into the sitionl. In the unquenched theory, the
fermion determinant explicitly breaks the center symmetry
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5. Simulation details

In full QCD, the Polyakov loop does not serve as an order patanany more, but equation
(3.1) still remains valid. Because of the exponential dedaig an expensive task to determine
the Polyakov loop and its correlators accurately for laeggde extension in the time direction or
equivalently for low temperature. But the low temperatuggion is especially interesting. One
drawback of the dynamical staggered fermions in full QCIhesrion-applicability of exponential
error reduction such as the Luscher-Weisz multilevel dlgor [9]. Therefore, the lattices which
can be studied are restricted to small time extension.

We were able to study lattices with a time extension uplte- 6 and a spatial extension of
Ns = 18. The first calculations were done on‘cahd a 6 lattice with the Wilson plaquette action
and 4 flavours of staggered fermions with a mass\f = 0.05 in lattice units.

With this data set, we calculated the di-  © —
quark free energy at different distances asa %% . .
function ofB. The result forr = ais shown '8'15’ : .
in figure 2. As can be seen from this figure, % _0'2 | ]
there is a clear correlation between the twd" _0:257 1 T, ]
Polyakov loops. The sharp jump At~ 5 03 | | |
corresponds to the confinement/deconfine- 4 4.5 [35 5.5 6

ment phase transition.
Figure2: qqfree energy from a%lattice
In order to determine the quark-quark

correlator for larger distances, we did the
same calculations on & Gattice atp = 5.14 - 1
which is still in the confinement region and  -100 . :

corresponds to a lattice spacingat0.28 >" 4" . o i
fm. The form of thegq free energy in com- = - .

parison to the quark-antiquark potential s~ -300f Fag
shown in figure 3. One can see, that the free _400: i Fag © |
energy falls off at shorter distances which 0 0‘.2 0‘.4 (‘).6 (‘).8 1
indicates an attractive force. r [fm]

It is preferable to determine the form_ B )
Figure 3: qgandqg free energy from a‘%lattice atp =

Of_ theqq free energy for larger separatlonss.m’ the errors are smaller than the dots.
Since the Polyakov loop decays exponen-

tially with N;, as described by equation (3.1), we kept the temporal degtitension fixed td = 6
and increased the spatial lattice size.

The following results were obtained from a second data seiziwwas generated using 2+1
staggered fermions with stout smeared links [10] and playsjgark masses and the Symanzik tree
level improved gauge action on an3186 lattice. We used the finite temperature configurations
which were generated in [11].

Figure 4 shows the diquark free energy as a function of thmrmlie between the Polyakov
loops and compare it with the quark-antiquark free energgteNhat our data sets correspond
to finite temperature samples with= 0.96T; and T = 1.14T.. Similar to the quark-antiquark
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Figure 4. quark-quark free energy compared with the quark-antigfragkenergy forTlc =0.96 (left) and
Tlc = 1.14 (right). In the left plot, a box-averaging has been used fe 0.5 fm to reduce the errors. The
boxes were smaller than 0.04 fm. In the right plot, the eranessmaller than the dots.

attraction, there is an attraction between two quarks. Tiaelgantiquark attraction is significantly
stronger than the quark-quark attraction. For our tempegatand for > 0.8 fm both thegg and
the qq signal are compatible with zero.

In agreement with the results of a calculation in the queti¢heory presented in [12] [7], we
see a flattening of thgq free energy abové. which becomes constant at about the same distance.
We also see a flattening beldly, whereas in the quenched calculations, neitheigtpeor theqq
free energy seem to approach a constant value b&ow

6. Conclusions

We see a clear signal for a Polyakov-Polyakov loop corhaitn full QCD without any need
to fix the gauge. The diquark free energy has a similar formhagjuark-antiquark free energy.
This is a sign for an attractive force between two quarksitlsitveaker than the attraction between
a quark and an antiquark.

Accurately calculating the Polyakov loop expectation eakistill an expensive task. In par-
ticular, the investigation of zero temperature latticesestricted by the exponential decay of the
Polyakov loop. As a consequence, it is not yet clear, howRblyakov-Polyakov correlation can
be determined in the limit — 0, which is of physical interest.
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